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WELLBORE CASING 
Cross Reference To Belated Applications 
This application claim* the benefit of the filing date of ILS. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
ffled on 12/7/1998, the disclosure of which ia incorp or ated herein by reference. 
Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a weDbore is created; a number of casings are 
5 installed in the borehole to prevent collapse of the ban&ole wall and to prevent 
undesired outflow of drilling fluid into the fom 

formation into the borehole. The borehole is drilled in intervals whereby a casing 
which istobe install^ ina 

in st a l led casing of an upper borehole intervaL As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter than the casing of the ixpper 
intervaL Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of Hie casings and the borehole wafl to seal the casings from the bore^ 
walL As a consequence of this nested arrangement a relatively large borehole 
16 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing Writing equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is in volved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to o v erc om ing one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes nwtalTtny a tabular Imgr and » mandr el 



in the borehole, injecting fluidic material into the borehole, and radially expanding 
the ItnPT in the borehole by extruding the liner off of the mandreL 

According to ano ther aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling oat a new section of the 

5 borehole adjacent to the already existing casing. Atnbiilarlmerandamandrelare 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable flwrii* rating material i* injected intn 
an annular region between the tubular liner and the new section of the borehole . 
The annular region between the tubular Kner and the new secticm of the borehole 

10 is then fluidicly isolated from an interior region of the tubular liner below the 
xnandreL A nan hardenable fhridk material is then injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandreL The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 

15 existing caring. The mandrel is removed from the borehole. Tie integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
m aterial is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic Bealing material are cured. At least a portion of 

20 rured ftaM*r hardenable n*g»«T»g material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that incl u d es a support member, a 
mandrel, a tubular member, and a shoe. The support member incl u d e s a first fluid 
passage. The mandrel is coupled to the support member and includes a second 

25 fluid passage. The tubular member is coupled to the mandreL The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to anfrtfrg* aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 

30 «~ppTidoM«. tn^ml^ « tnhulAr member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 



mandrel is coupled to the support member and mdodeg a third fluid passage. The 
tubular memb er is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular niember and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tabular membe r 

According to another aspect of the present invention, a method of joining 
a second tabular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, ia provided that includes position nig a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular mentor hp 

the mandrel into engagement with the ^tubtdar member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 

15 at an end portion of the annular member, and one or mare pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that inc l udes a tubular liner and an mn% body of a cured fluidic 
sealing material. The tabular- liner is farmed by the process of extruding the 

20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weDbore whig is provided that indudes a 
annnlar body of cured fhrirtir RealmgrnflteriaL The tubular liner is farmed by the 
process of e xtruding the tubular liner off of a mandrel The annular body of a 

25 cured fluidic sealing material ia counted to the tubular liner 

According to another aspect of the present invention, an apparatus for 
expanding a tabular member is provided that includes a support member, a 
mandr el, a tubular member and a shoe. Tte support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operahty coupled to the first fluid passage, an interior 
portbn, and an exterior rjortior^ Tie interior portion of the mandrel is drillable. 
The tabular member is coin^ to The shoe is coupled to the tabular 
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member. The shoe mchidea a third fluid passage operably coupled to the second 

fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drilkbk. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the place m ent of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

HG.3a is another fragmentary cro^ 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view iUustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a pcrtion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG . 8 is a fragmentary cross-sectional illustration of the placement of an 
PipffHAd tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing j nch"Kng a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross-sectional iuus&ation of a wellbore including a pair of 
adjacent overlapping casmga. 

FIG. 10b is a cross-sectional flhutntion of an apparatus and method for 

creating a tie-back liner using an expandible tabular member. 

5 FIG. 10c ia a croawecttenal illustr at io n of the pumping of a flmrfin 

material into the annular region between the tubiuar ineniber aiid the e 
easing. 

FIG. lOd is a cTDss-aectional flhistranon of the pressurizing of the interior 
of the tabular member below the mandreL 
10 rcGlOeisacross-aact^ 
member off of the mandreL 

nGlOfisacroaa-eectionalumstrationoftta 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expandible tabular member, 

FIG. 11a is a fragmentary oosfreectional viewulustrethigtheo^rillmgofa 
new section of a well borehole. 

FIG. lib isafragmenterycpon n nwifouid view iDustrating the placement of 
an embodiment of an apparatus for bangmgatubuiarlmerwith^ 
20 ofthe well borehole. 

FIG. 11c is a fragmentary crosB-eedioii^ injection of 

a first quantity of a hardenable flntdir sraHngmaterial into the new section ofthe 
well borehole. 

FIG. lid isafiT«menteJTcrosBH«ctioiial view illustrating the introduction 
25 ofawiperdartmtothaneweetfkmofthe 

HG. lte U a fragnieatary eross^ectkmm view 
a second quantity °f a hardpnnhle fTnirtir areTmcmatcrial into the new section of 
the well borehole. 

FIG. llfis a fragmentary cross-sectional view ubnrtrating the completion 
30 of the tabular liner. 
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Detailed Description of the I Du strm ti ve Embodiments 
An apparatus and method for farming a wellbore casing within a 
subterranean formation is provided The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore) and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tubular member, Hie apparatus and method further permits adjacent tabular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 

10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further minimises the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member offofa mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the fTisting tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hang in g an expandable tubular liner in a 

30 wellbore is also provided. Tlie apparatus and method permit a tubular 

attached to an gris tin g section of casi n g . Hie apparatus and method further have 
application to the joining of tubular members in general. 



Referring initially to Figs. 1-6, an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described. As illustrated in Fig. 1, a wellbore 100 is posn^iied ma subterranean 
fo rmation 105. The wellbore 100 includes an existing cased section 1 10 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the weDbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 180. 

As illustrated in Kg. 2, an apparatus 200 iorfonin^ a wellbore casing in 
10 a subterranean formation is than positioned m the new section 130 of tfeeweuTwre 
100. The apparatus 200 prefemhlv mrfuri— <m ^iAKu ^ nn drrl or pig 205. o 
tubular member 210, a shoe 215, a tower cup seal 220, an upper cup seal 225, a 
fhril passage 230, a fhiM passage 235, a fh^ 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member250. The expandable mandrel 205 Lb preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the t parWngs of the present disclosure. In a preferred 

20 rnnhodhnpnt, the rtrpnnH nhto mandrel 205 comprises a hydraulic expansion tool as 
disclosed in US. Patent No. 5548,096, the contents of which are incorporated 
herein by reference, modified m axnndance with the teachings of the present 
disclosure. 

Ine tubular member 2 10 is Bnpport»d Hy the, ^^t^oK), m nj ^roi QQ5. The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods <OCTG), 13 chromium steel tubing/easing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
30 fabricated fin>mOCTOm order to maxhnixa strength aftw expansion The inner 
and outer diameters of the tubular member 210 may raage, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 



embodiment the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tabular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tabular member 210 
is slotted, perforated, or otherwise mo<Med to catch or slowdown the mandrel 2 W 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tabular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tabular 
member 210. The shoe 215 includes fluid passage 240, The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal IIDown-Jetfloatshoeoraguideshoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guid e shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the tearhi tign of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
phig after the completion of the cementing and expansion operations. 

25 In a prefer red embodiment, the shoe 215 indodes one or niore through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the sbx)e 215 optimally inject 

region outside the shoe 215 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 
30 receive a dart and/or a ball Bpating mmr>ber. In this manner, the fluid passage 240 
can be optiinal^ sealed ofiH^ in 
into the fluid passage 230. 
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The lower cap Beal 220 is coupled to and supported by the support member 
250. The lower cup Beal 220 prevents foreign materials from altering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cop seals such as, for example, TP cups, or Selective Injection Packer 
(SEP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment , the lower cup seal 220 comprises aSIP cap seal, available 
from Halliburton Energy Services in Dallas. TXm order tn rytimniiy hWV foreign 
material and contain a body of lubricant 
10 The upper cup seal 225 is cxnrpled to and roprxaie^ 

250. The upper cup seal 225 prevents foreign materials ntnn entering the mterior 
region of the tubular member 210. The tipper cup seal 225 may annprise any 
number of conventional c ommer cially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cup teal 225 comprises a SIP 
cup, avaOabtefrom Halliburton Energy SerricesmDaJ^ TXm order toopthnaliy 
block the entry of foreign materials and contain a body of lubricant 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel205. The fluid passage 230 is preferabrypoaiticmedalongacenteruneof 
the apparatus 200. 
25 The fluid passage 230 is i>referabry selected, m 

operation, to transport materials such as drilling mnd or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
pgj in order to minimize drag on the tubular member hemg mn » rt tghamke 
surge pressures exerted on the wellborew 
30 and lead to hole collapse. 

The fluid ptuisagc 235 pcrmitefmM^ 
passage 230. In this manner, durmg placement of the apparatus 200 within the 



new section 130 of the wellbore 100, fluidic materials 255 farced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge pressures on the wrilhnra ration 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is farther flaidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllabfy 
opening and dosing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimise surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centerline 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey Quidic materials at 
flow rates and pressures ranging from about 0 to 3,000 galloon/minute and 0 to 
9,000 psi in order to reduce the dragon the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passag e 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fhiidicly isolated from the region exterior to the tubular member 210. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a prefer red embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/ox a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubular nieniber 210. Theaeal*245a»ft^ 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional conunerdaCy available seals such as, for example, 
10 lead, rubber, Teflon, or opoxy hhiIb modified in accordance with the teachings of 
the present disclosure, In a preferred embodiment, the teals 245 are molded from 
Stratalockepoxy available from Halliburton Energy 8ervice8m 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embootoent, the seals 245 are selected 

a su ffi c ien t fractional force to support the expanded tubular member 210 from the 
existing casing 115. In a preferred embodiment, the ftidaona] force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimalhr support the expanded tubular member 210. 
20 The support member 250 is coupled to tba expandable mandrel 205, tubular 
inember 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weDbore 100. In a preferred 
endwdiment, the support member 250 further includes one or more conventional 
25 centralizers (not illustrated) to help stahflixs the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tabular member 210. In this maimer, the extrusjratftbe 
oftheexpandabtennmdrel205i^ The hibricant 275 may comprise any 

30 number of conventional cannmerciany available hnjricantt such as, for example, 
Lubriplat^cbloriiiebaerf 

(3100). In a preferred embodiment, the lubricant 275 cxnnprises Climax 1500 
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Ant&eze (3100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to fadliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimised. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the weubore 100, a couple of weDbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weubore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 As illustrated in Pig. 3, the fluid passage 235 is then closed and a hardenable 

fluidic g^lfa^ material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fiUs the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weubore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pai and 0 to 
1,500 gaflona/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sixes, weDbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped. The optimum flow rate and operati n g pressure are preferably determined 

30 using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic seating materials such as, 
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for example, slag mix, cemffnt or epoxy. In a preferred embodiment, the 
hardenahle fliridic sealing material 805 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
5 while also marntninitigoptimum flow characteristics so as to minimize difficulties 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 sufBoentquantittegto 

210, t he annular region 815 of the new section 130 oftheweDbare 100 will be filled 

with material 305. 

In a particularly preferred embodiment, as iDoatrated in Fig. 3a, the wall 

thickness and/or the outer diameter of the tubular member 2 1 0 ia reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 

apparatus 200 in position* in the wellborn with fa^t rWrnr^ Furthermore, in 

this manner, the initiation of the radial prpflwrfm* 0 f the tubular member 210 

during the extrusion process is optimally facilitated 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 305, a phig 405, 

fluid passage 240 thereby fluidity isolating the interior region 310 from the 

annular region 315. fa » preferred «q nfr ft dhnflirt l , > nnn-hardenable fhpd fr» m****™! 

306 is then pumped into the interior region 310 causing the interior region to 

pressurise. In this manner, the interior of the expanded tubular member 2 10 will 
25 not contain significant amounts of cored material 305. Tina reduces and simplifies 

the cost ofthe entire process. Alternatively, the material 305 may be used during 

this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 

member 210 is extruded off of the ex pandable mandr el 205. During the extrusion 
30 process, the expandable mandrel 205 mavherai^mitfifthA i^^^ r^^^^f 

the tubular member 210. In a preferred embodiment, daring the extrusion 

process, the mandrel 205 is raised at approximately the same ra^ 
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member 210 is -t*""*^ in order to keep the tubular member 210 stationary 
relative to the new weilbore section 130. In an alternative preferred embodiment, 
the gitnr bi>t pr^rff? is ror"™**™^ with the faihular member 210 positioned above 
the bottom of the new wellbore section 130. keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The plug 405 preferably acts to fluidicly isolate the hardenable fluidk 
10 sealing material ft™ tha nnn hardenahla fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from plu^ 

Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with tte In 

15 a preferred embodiment, the plug 405 comprises a MS C latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 1 0 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 

20 to 4,000 gallona/min. In this manner, the amount of hardenable fluidic sealing 
materi al within the interior 3 10 of the tubular member 2 10 is mfnimirfd In a 
preferred embodiment, after placement of the plug 405 in tie DuM passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 3 10 
at pressures and flow rates ranging from approximately 500 to 9 ,000 psi and 40 to 

25 3,000 gp |ln T» flftttfa in o*^-* to ma*™"** the «trmdfm speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansbn mandrel 205, the nmterialcon^ 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210^ 

of the tubular member 210. In general, the thicker the wall thickness, the smaller 
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the inner diameter, and the greater the yield strength tftbe tubular member 210, 
then the greater the operating pressures requh^ to extrude the tubular member 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of the expaiidablemamlrelwmbegmwbCT the pressure 
310 reaches, for example, approximate^ 600 to 9,000 pet 

During the extrusion process, the expandable miindrel 206 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, finm about 0 to 5 ft/sec Inapreferred embodiment, dur^ 
10 process, the expendable mandr il 206 is wised out of the expanded portion of the 
tubulin- member 210 at rates ranging from about 0 to 2 ftfrac in arA*T tn m mi m ^. 
the tuue required mr the expansion prow 
toe expansion process. 

When the end portion 200 of the tubular member 2 10 is extruded off of the 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlapping joint The contact 
pressure of the overlapping joint may range, for example, from appr oximatel y 60 
to 20,000 pat In a preferred embodiment, the contact pressure of the overlapping 
20 granges from spproximare^ 

pressure to activate the annular sealing members 246 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 

The overlapping joint between the section 410 of the existing casing 1 15 and 
the ««tion 285 of the expanded tubiu^ 
25 and fluidic seal In a particularly Preferred embodim^ a,» ^^^.k^ ?i 5 
optimally provide a fioidic and gaseous aaalm the overJapprng joint. 

to a preferred embodiment, tiie operating pressor 
harderwhlfffhiirtrr material 306 fa controllable 

mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused b^ 

tubular meinlH* 210 off of the expa^ lnB 
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preferred embodiment, the operating pressure is reduced in a substantially linear 

fashion from 100% to about 10% during the end of the ertro 

when the mandrel 205 is within about 6 feet from completion of the extrusion 

process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available dock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred einbodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fiuidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fhiidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
tHon anyuncured portion «m» rotten* 1 sflfi within tb*» wpmH«^ tubular member 

20 210 iathen removed in a conventional manner such as, for example, circnlating the 
nncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section ISO and a drill bit or null is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 2 10. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As fflnstraled in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In. a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 mch id e a one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
6 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalised dnrnig the extrusion p 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred enmodiment, the sealing 
10 xaembers 605 are bcmded or molded onto tte 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tabular member 210. The pressure relief 
holes reduce the operating pressures required to expand the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity fa tar™ Tnmi™^ tfir Ttwhankal chock to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a wellbore preferably includes an 
20 expandable niandrel or pig 705, an expandshle mandrel or pig container 710, a 
tubular member 715, a f loat sh oe 720, a l o wa r c up seal 725, an upper cup seal 730, 
a fluid passage 735, a fluid passage 740, a supportmeniber745,abodyoffobricant 
750, an overshot connection 765, another support member 760, and a stabilizer 
765. 

25 The e xpanda ble mandrel 705 is coupled to and supported by the support 

member 746. The expandable mandrel 706 la further coupled to the expandable 
mandrel container 710. The expendable mandrel 705 is preferabh/ adapted to 
controllabty expand in a radial direction The expandable mandrel 705 may 
comprise any number of conventional coinnierdalh/ available expandable mandrels 

30 modifiedinaccordancewhfctbe In a preferred 

emb o diment , the expandabl e mandrel 7nfi comprises r hydrnifr expansion tool 
substantially as disclosed in U A Pat No. 6^48,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 

5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titaninm or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
tjv>Vn<»«* than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
em bodi m ent, the tubular member 715 is fabricated from OCTG. 

25 In a p r e fer red embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly p r e fe rre d embodiment, the tubular 
memb er 715 has a substantially circular annular cross-section* 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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P^erably denned by tberegionbeguu^ 

container 710 and ending with the region in the vidnily of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
begiinimgm the vicinity 
5 tubular member 715. 

In a preferred embodiment, the wall thkkneea of the upper section 805 of 
the tubular member 715 ia greater than the 

and lower sections 810 and 815 of the tubular meinber 716 m ordw^ 
fadliam the mWation of the extrusion 
10 ™0 to be positioned mlocattona^ 

The outer diameter and wall tlueiaieai of U» eectton 806 of the 
tubular membCT716nu^rimge, foe 

to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thicinessofthe upper section 805 (rfthet^^ 

15 to 16 inches and 3/8 to 1.5 inches, respectively. 
TbecnitertiametCTandwa^ 
tubular member 7 15 may range, for example, from about 2.5 to 50 inchea and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the mtermediate section 810 of the tubular member 715 range 

20 from about 3.6 to 19 niches arall/B to l^h^ 

The outer diameter and wall tbicknesB of the lower section 815 of the 
tubular member 715 may range, for a 

to 1.25 inches, respectively. In a preferred embodiment, the outer diameter and 
wan thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 178 to 1.25 inches, respective*. In a particularly 
piAf»„d embodiment, the wall thickness of the lower section 815 of the tubular 
mmnber 715 « furthering 

drillable materials such as. for example, a hminm m are need. 

The tubular member 715 prefer^ ^ 
SO apreferred embodiment, theendporti^ 

perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes thaextruaion of tubular n^ In a preferred embodiinent. the 
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length of the tubular member 7 16 is limited m^nimi^thaprWhiHfyof^t^vim^ 
For typical tubular member 715 materials, the length of the tubular member 7 15 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830 9 and one or more 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, far blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 for increasing the strength of the 
shoe 720. In a particularly prefer r e d embodiment, the body of solid material 640 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down~j et guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 7 15 in the wellbore, optimize the seal between the 
tubular rnember 715 and an ezistmgwellbore 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The tower 
cup seal 725 may comprise an y num ber of conven tion a l commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosu r e. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 



The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional cammerdaUy available cup seals meh as, for example, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teaching ofthe present disclosure. In a preferred embodiment, the upper cup seal 
730 comprises a SIP aip available from 

in order to optimally provide a debris barrier and contain a body of lubricant 
The fluid passage 735 permits floidic materials to ha transported to and 
10 from the interior region of the tubular member 71 fi th» ^rpan^.K^ nnn HrtH 
705. The fluid passage 735 is flnidicly coupled to t^ The fluid 

passage 736 is preferabb/ coupled to and positioned within the support member 
760, the aupport member 7*5, the mandrel container 710, and the p^p^nM,, 
mandrel 705. The fluid passage 735 preferabb/ extends from a position adjacent 
15 to the surface to the bottom of the expandable mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 galbnaminute 
and 500 to 8,000 psi in order to provide sufficient operating pressures to extrude 
20 the tubular member 715 aft* of tte expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 
fluid passage 735 can be released into the weflbereiura the tubular member 716. 
In a preferred embodiment, the apparatus 700 ftrtherfochides a pressure release 
25 passage that is coupled to and positioned withm the supp^ The 
pressure release passage is nn^herfluio^coupledto the fluid passage 735. The 
pressure release passage preferably includes a control valve for eontrollably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve ia pressure activated in order to eontroflabh/minunise surge pre The 
30 pressure release passage is pn^erahh/ 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling mud ox epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a weUbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 

5 from the region exterior to the tubular member 715* The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidk communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed m the inlet 8^ 

10 to thereby block further passage In this m an ner , the interior 

region of the tubular member 716 below the expandable mandrel 705 can be 
optimally fluidicfr isolated from the region exterior to the tubular member 715, 
This permits the interior region of the tubular member 7 15 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey rppt^" ftlft audi as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3 t 000 gallons/minute and 0 to 9,000 pain order 
to optimally fill an An"? 1 ** region between the tubular member 715 and a new 

20 section of a wellbaxe with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
flart and/or a hall sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a p i e fr x i H m Vwtt™» n t t the apparatus 700 farther inchidea one or more 
seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are farther positioned cm an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidicfr sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the t eachings of the 



present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearin g 
interference fit in the overlapping joint between the tubular member 716 and an 
5 existing casing with optimally 
715. 

In a preferred einbooUmen^ 
frictions! force to support the expanded tabular member 715 from the existing 
casing. In a preferred embc^ 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
exp a nd ed tabular member 716. 

The firpport member 745 is preferably coupled to the i«p«T"ioM* mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700intoanewaeeti0BOfsweUbQra lie support member 745 ma^^ 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment , the support member 745 comprises conventional drill pipe available 

20 from various steel grills in the United States. 

In a preferred embodiment, a body of lubricant 760 is provided in the 
annular region above the expandable mandrel container 7 10 within the interior of 
the tubnlar member 715. In this maimer, the extrusion rf 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 

25 any number of conventional coranxercdaUy available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil baaed lubricants, or CMmax 
1500 Antisiexe (3100). In a preferred embodiment, the lubricant 760 comprises 
Climax 1500 Antisiexe (3100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to feciliate the extruaon 

30 process. 

The overshot connection 765 is eor^dedto the support member 745 and^ 
support member760. Tta overshot ecxmecti^ 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstrmg Sealing Adapter, 
Innerstrmg Plat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 780 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 Into a new section of a wellborn The support member 760 may 
comprise any number of conventional commercial^ available support members 
such as, for example, steel drill pipe, ariled tubing or other hi^ strength 
modified in accordance with the teachings of the present In a preferred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabiliser 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diame ter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or dragbtocks m odifi e d in accordance with the teachings 

25 of the present disclosure. In a preferred rmhodimrnt, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the mtroduction of foreign material into the apparatus 700 
is minimized. This minimizes the possibility of foreign material dogging the 
various flow passages and valves of the apparatu s 700. 
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In a preferre d embodiment, before ocr after positioning the apparatus 700 
within a new section of a wellbore, a couple of weUbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that so foreign 
material interferes with the expansion mandrel 705 during thee 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs, 1-7 to form a new section of casing within 
a wellbore. 

10 As illustrated in Ffc 8, in an alternative prefq red «™WHimfnt, the method 
and apparatus described herein is used to repair an existing wellbore 
by fimning a tubular liner 810 -inside of the existing weUbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative pref err e d embodiment, any number of fhiidic 

15 materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the weUbore casing such as, for example, **wn»n t. epoxy, 
slag mix, or drilling mud. In the alternative prefer red embodiment, sealing 
members 815 are preferably provided at both enda of the tubular manbw in order 
to optimally provide a fhndic seal In an alternative p re fe rred embodiment, the 

20 tubular Knar 810 la termed within a horizontally positioned pipeline section, such 
as those used to transport hydr ocarbons 

in an overlapping relationHhip with the adjacent pipeline section. In this manner , 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used to directly line a wellbore with a tubular liner 810. Ina 
preferred gmhorilnren t, an annular ^ning of mnfnt fa not provided between 
the tubular liner 810 and the weUbore. In the alternative preferred embodiment, 
any number of fhiidic mntffrinls can be used to expend the tubular liner 810 into 

30 intimate contact with the weUbore such *«, far example, ***nmj epoxy* fllq C Twfg . 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expendible tubular 
member 902, a support member 904, an expansible mandrel or pig 906, and a shoe 
908. In a preferred embodiment, tbe design and construction of the mandrel 906 
S and shoe 908 permits easy removal of thoae elements by drilling them out. In this 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910 f an intermediate portion 912 and a lower portion 914. During operation of the 

10 apparatus 900, the tabular member 902 is preferably extnided off of the mandrel 
906 by pressurizing an interior region 966 of the tabular member 902. The 
tubular member 902 preferably has a substantially aimalar cross-eectian . 

In a particularly preferred embodiment, an expendable tabular member 915 
is coupled to the upper portion 9 10 of the expandable tubular member 902. During 

15 operation ofthe apparatus 900, the tabular member 9U> is preferably e^ 

ofthe mandrel 906 by pressurizing ofthe tabular member 

902. The tubular member 915 pi^erahly has asubstantially annular cross-section. 
In a preferred ^^imftnt , the wall 1*"*™*°* of the tubular member 915 is 
greater the wall thickness of the tubular member 902. 

20 The tubular member 916 may be fabricated from any number of 
conventional commercially available materials such as, for nx a mplft, oilfield 
tabular*, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same wwhgwif»iii properties as the tubular member 902. 

25 In a particularly preferred embodiment, the tubular member 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
appro a i i natdy the name yield properties as the tabular member 902. The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a pr efer red embodiment, the upper end portion of the tubular member 

30 PI r^faHpa ™* more sealing members for optimally providing a flnidic and/or 
gaseous seal with an prjffff^g section of wellbore casing. 
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In a preferred embodiment, the combined length of the tabular members 
902 and 9 15 are limited to nrinmii»» the r"*q*¥tity ofhuckting Feu: typical tubular 
member materials, the comhined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 

the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional commercially available materiala men as, for example, oilfield 
tubular*, low alloy steels, titanium or stainless steds. ^preferred embodiment, 
the tubular member 902 is fahriratrri from oilfield tubolari in order to optimally 
provide appr oximately t ha same m echanical properties aa the tubular member 915. 
In a particularly preferr^ 
15 point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

TbB wall thickness of the upper, mtennedlate, and lower portion^ 
and914af the tubular member 902 may range, for example, from about 1/16 to 1.5 
inches. In a preferred embodiment, thA until thickness u pp»r y inte H"~^«t~ 
20 and lower portions, 910, 912 and 914 of the tubular niemb»9(ffi range from about 
V8 to L25 in order to optimally ptm^ wall thjc^Dsess fW pbmit the pomr m 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

TbB outer diameter of the upper, intennediate, and lower portions, 910, 912 
and 914 of the tabular member 902 m*y wmg* far «™^ipy> fr^ fl frmit l.Qg to 48 
inches. In a preferred Bmbodmient, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from abou^ 
30 3 % to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 

5 rmm mmnTiy avuflahle tubular members modified in accordance with the tonrhinEB 
of the present disclosure. In a preferred embodiment, the tubular member 902 
PATTir^*^ OiifMri flountry Tubular Goods available from various US. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
av ailable tubular members modified in accordance with the t eachings of the 

10 present disclosure. Tn a prafinjied embedment, the tubular member 915 o^niiu for* 
Oilfield Country Tubular Goods available from various US- steel mills. 

The various elements of the tubular inember 902 inay be 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a pr e fer red embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 9 15 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or ™^m«pH from one piece* In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 9 15 may comprise a plurality of tabular 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferably includes an innerstring adapter 918, 
a fluid paaaage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 9M preferably supports the a^ 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section, 

30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alley steel, coiled tubing or stainless steeL In a preferred 



embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drffl string support from a surface location. The innerstring adaptor 
6 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The lhiMpaasage918is preferably uaedtocxmveyfl^ 
to and from the apparatus 900. In a preferred embodinient, the fluid passage 
is fluididy coupled to the fhiMpaasageB52. In a preferred ernbodiment, the fluid 

10 P»iaage91B is ofled to convey haTdaiabteftaidk rr r m S mntcriiiloto nndflum On 
aj»aratns900. In a particularly uiefened embodiment, the fluid passage 918 may 
include one or more pressure rehef passages (not iUustrated) to release fluid 
pressure Airiragpositionmg In a preferred 

ranbodiment, the fluid passage 918 is positioned along a longitudinal centerline of 

16 the apparatus 900. In a preferred embodiment, the fluid passagB 918 is selected 
to permit the conveyance of hardenabk fluidic materials at operating pressures 
ranging from about 0 to 9,000 psi 

The upper guide 920 is counted to an upper portion of the support member 
904. The upper guide 920preferabry is ada^ 

20 wu^tb* tubular member 915. The upper guide 920 nuy comprise any number 
of conventional guide members nwiu^ m accordance vfith the teachmgs of 
present disclosure. In a preferred embod iment , the nppergnide 920 comprises an 
mnerstrmg adapter availabtefromHalh^ 

to optimally guide the apparatus 900 withm the tubuhu- member 915. 
26 Tbacoupling922ccmnlesthesupp^ ^ 
coupling 922 preferably emnpriaes a conventional tb^ 

The various elements of the support nmniber904n^becoupledusingany 
mnnber of conventional processes such as, for example, welding, threaded 
coniieetionsorinacbjnednw Ina preferred embodiment, the various 

SO elements of the support member 904 are coupled using threaded ™™.~tforrc 
The mandrel 906 preferably mctades a retainer 924, a rubber c^ 
expansi on c one 928, slower cone retainer 930, s body of cement 932, a tower guide 



934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 

upper ccme retainer 944, a ^ 

950, and a fluid passage 952. 

The retainer 924 is coupled to the fabricator mandrel 946, hibricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
• hibricator sleeve 948. The retainer 924 preferably has a substantially annular 

cross-section. The retainer 924 may comprise any number of conventional 

commercially available retainers such as, for example, slotted spring pins or roll 

pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricate m 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materialainto the interior region 972 of the tubular member 902 bdow the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials, 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior i^»n 972 ofthe tubular member 902 m 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubripiate, chlorine based hibricanta, oil based lubricants or Climax 1500 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1 500 Antiaeize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide fabrication to faciliate the 

The expansion cane 928 is coupled to the lower cone retainer 930, the body 
of cCTient 932 , the lower guide 934, the exte 

the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

Thee mwnwnn fmm fl2«p*fimih^ nnTmll|r ^^^^ 

5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. Hie wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of the exparurioncc^ 

to optimally provide adequate ccnipr^ rj^ e 
10 mam mae, ami minim um outside diameters rftho expansion m ie Pftft ">ny range, 
for example, fi^ about 1 to 47 inches. In » p^fa™*! ^ntv^^it, the maxjmojn 
nnd mmiTrmm outaide diametera of the erpmnrimi cone 928 range from about 3.5 
to 19 in order to optimally provide Rrrvmipon of generaJhravaflflhle oilfiAlri tutwla™, 
The expansion cone 928 may be fabricated frra 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel. In apreferred embodiment, the expanajon rang P2fi ia frKri^tH 
from tool steel in order to optimally provide hi^stxength and abraskm resistance. 
The surface hardiiassofthe outer surface of the e^ 

example, from about SOEockwellC to 70 Rockwell C. la a preferred embodiment, 
20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
26 The lower cone retainer 930 ia coupled to the expansion «™» #>* »~ 

bxjusing940. In* preferred enux>diment,ax^ 

928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 hag » substantially — nmlnr mum occtio.HL 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional coinmerciauy available materials such as, for example, ceramic, tool 
steel titanium or low alloy steel In a preferred embodiment, the lower cone 
retainer 930 Is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 

5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 

10 cone 928 are formed as an integral one-piece dement in order reduce the number 
of components and increase the overall strength of the ap p arat us. The outer 
surface of the lower cone retainer 930 preferab^ mates with the inner miifeces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drfllabte mrt ftllfr, composite, *w »ggrgg*ia malarial may be substituted 
for cement. The bo4y of cement 932 preferably has a substantially annular crosa- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940 . 
25 During operation of the aipa^ 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 maybe fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a «Hrimg fit 

The extension sleeve 836 is coupled to the loirer guide 934 aiultlie housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially nn^lpr cross-section. 

Hie extension sleeve 936 may be fabricated from any n umbe r of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel ox stainless steel In a preferred embodiment, the 
10 exten s i o n sl ee ve 936 is fabricated from km 
highyieM strength. Theeriarsnrfaceoftl* 

with the inner surface of the tubular member 902 to provide a sliding fit Ina 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element hi order to minimize the nu mb er of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this maimer, a plug or dart 

surface through the fluid passages 918 and 952 into the fluid passage 962. 

20 Preferably, the spacer 938 has a substantially anrniW cross-eection. 

The spacer 938 may be fabricated from airy number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is febra in 
order to optimally provide drillability. The end of the spacer 938 prefe 

25 with the end of the extension tube 960. In a preferred emtodiment, the spacer 
938 and the sealing sleeve 942 are fonnedM 

to reduce the somber of components and increase the strength of the ap 

'Hie housing 940 is coupled to the lower guide 934, extension sleeve 936 , 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
SO operation of the ar^ar^ 

motion of the expansion c one 928. Preferably, the housing 940 has a substantially 
angular cross section. 



-S3- 



The housing 940 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low alloy 

steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 

from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and hoiising 940 

are fanned as an integral one-piece element in order to minimi?** the number of 

components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 

940 includes one or more protrusions to fac&iate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 

cement 932, the spacer 938, and the upper cone retainer 944. During operation of 

the apparatus, the sealing sleeve 942 pre 

906. The sealmg sleeve 942 is preferably c^ 
15 the coupling 922. Preferably, the Bealing sleeve 942 has a substantially annular 

cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 942. 

In a particularly p re ferr ed embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to facfliate the connection between the 
sealing sleeve 942 and the body of cement 932 . 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to mrnimii e the 
number of components. 

Ttoe upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900 , the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a s ubstantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any n umber of 
conventional commercially available materials such as, for example, steel, 
al uminum or cast iron. In a p r ef erre d embodiment the upper cone retai ner 944 
is fabricated from ahimfrnTm in order to optinially provide drillability of the tipper 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper cnneretafaer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a caress-sectional shape 
that is substantially I-ahsped to provide increased rigidity and minimize the 
10 amount ofmaterial that would have to be drilled out 
The fabricator mandnd 946 is coop^ 
926, the upper cone retainer 944, the fabricator aleero 948, and tte 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubular mcinber 902. Preferably, the 
lubricator mandrel 946 has a substantially «™nni « T eross-sectiaa 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the fabricator mandrel 946 is 
20 fabri ca t ed from aluminum in order to optimally provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the fabricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper «me retainer 944, tte 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 928. Preferably, the fabricator 
sleeve 948 has a substantially annular croae*sectian. 

Tha lubricator sleeve 948 may be fabricated from any number of 
conventional commercial^ available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the fabricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide drillability of the 
fabricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
Lubricator mandrel 946. Thetubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the hibricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferabry guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially aimular cnwwjection. 

The guide 950 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the m a n d r el 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fluidic 
materials In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rate ranging from abort 

to optimally provide pressures and flow rates to displace and circulate flnida during 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be arapled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connectionfl t?rrf™*"t*"g Tn p r T1pferrf,d mhodimenL the varions elements of the 
mandrel 906 are coupled uang threaded coimections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coaled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion ofthetub^ member 902 to tte 
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■hoe 903 to facilitate the extrusion ami positioning of the tabular member 902. 
Preferably, the housing 954 has a substantially tnnnlar cross-eection. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials audi as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide dxiHabiHty of the housing 954. 

In a particula rly preferred embodiment, the interior surface of the houaing 
954 in dude s one or more protrusions to facfliate the connection between the body 
of cement 956 and the housing 954. 
10 The body of cemgnt 656 ia coupled to the housing QfU, and th* «pq1 ™ g Blprve 

958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement 4o be easily drilled out using conventional 
drilling machines a nd pr ocesses. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a dr fl lable 
material such as, for example, aluminum or inm may be substituted for the body 
of cement 956. 

Tlie sealing sleeve 958 ia coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenable fhridic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to ixtfect the hardenablefluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatua900, the sealing sleeve 958 further 

25 includes an inlet geometry that permits a omventtoiudphigordart974tobecome 
lodged in the inlet of the sealing sleeve 968. In this manner, the fluid passage 962 
may be blocked thereby fluidity isolating the interior regk>n 966 of the 
member 902. 

Ia a preferred embodiment, the sealing sleeve 958 has a substantially 
80 anmiIarcro«8.aedia^ 

of conventional commercially available materials such as, for example, steel, 
ahnanrnin <*r cast inm. In a preferred embodiment, the sealing sleeve 958 is 
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"fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one ox more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the flnid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to isject the hardenable fhiidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
therdjyfluidicry isolating the interior region 968 of the tnbuto In 
apreferred embodiment,^ 

the spacer 938 in order to optimally retaliate the transfer of material between the 
15 two. 

In a inferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be febri 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, andonearmore outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials . In a 

25 preferred embodiment, tie fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In a particularly preferred embodiment, the fluid paasage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 pst and 0 to 3,000 gaUonatominordertooptimalry 
provide fluids at operationally ef&cient rates. 

30 The outletjeta 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of tlxe apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment 
the housing 954 and the body of cement 966 in order to simplify the construction 
6 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a pr e f erred embodiment, the various 
elements of the shoe 908 are coupled using cement 

10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Rgs. 1*8 to create a new section of casing in a 
wcllbore or to repair a weUbore casing or pipeline. 

In particular, in order to extend a weHbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 

15 subterranean formation to form a new section. 

The apparatus 900 for forming a weUbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 916. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fhiidic sealing 

20 material is then pumped from a surface location into the fluid passage 918. The 
harrifrnnhlr fniirtir srnHng msterial then passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardffnahle fluidic sealing materisl then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 

26 apparatus 900 via the outlet jeta 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 
weUbore. nnmHnTi«H puinpingofthehajdenabla fluidic seal^^ causes the 

material to fill up at feast a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 

30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,600 gallon ntmm, re spec tive ly. In a preferred embodiment, the 
hardenable fluidic sealing material is pumped into the annnlar region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that drcobtion might be bsta^ 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optixnalfy provide support 
member while also maintaining optimal flow characteristics so as to minimize 
ope rational difficulti es during the dis placement of the cement in the «nn\ ii«r 
region. The optimum composition of the blended cements is preferably determined 

IS using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section ofthe wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with hardenable fluidic 
sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluididy isolating the interior region 
966 ofthe tubular member 902 from the external annular region. In a preferred 
emb o diment , a non hardenable fluidic Tr nte"pt is then pumped into the interior 

25 region 966 causing the interior region 966 to pressu ri s e. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior ofthe tubular members 902 and 916 

30 is minimised. 

Once the interior region 966 becomes sufficiently pressurised, the tubular 
members 902 and 916 are extruded off ofthe mandrel 906. The mandrel 906 may 
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be fixed or it may be expandible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. Daring this extrusion process, the shoe 908 is preferably 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid psasage 918 at a suri^ location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for pfaggmg a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down ping. Omega latch-down 
10 plug or three-wiper latch down phig modified in accordance with the 
the present disclosure, fa a preferred mnhoriim^ 

a M8C latch-down jdug available from Halliburton Energy Sendees in Dallas,^ 

After placement of the plug or dart 974 in the fluid pas 
hardenable fluidic material is preferably pumped into the interior region 966 at 

15 pressures and flow rates ranging &om approximately 600 to 9,000 psi and 40 to 
3,000 gallonstain in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tabular members 902 and 915, the extrusion of the tabular 
members 902 and 915 off of the frrjvmdfthte mandrel will begin when the pressure 

20 of the interior region 966 reaches apfffoxiinat^y 600 to 9 t 000 pal In a preferred 
embodiment, the extrusion of the tabular mantes 902and916 offofthe mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallonsfaiinute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 e xp an de d portions of the tabular members 902 and 915 at rates ranging; for 
maniple, from about 0 to 5 ft/sec. Inapreferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tabular 
members 902 and 916 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

SO permit full expansion of the tubular members 902 and 915 prior to curing of the 
h a r d ma b le fluidic sealing material; but not so fast that timely adjustment of 
operating parameters daring operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion of the tubular mexnber 
916 will preferably contact the interior surface of the lower end portion of the 
*rriwtTTig casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psL In 
a preferred embodiment, the contact pressure of the overlapping joint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from a[*p r o i ? m fl**ly AOO tn 1 n ,000 pri in order to optimally provide contact 
pressure to activate th» y^ling mwnhpra and provide optimal resistance such that 
10 the tubular member 915 and exists 
compressive loads. 

In a prefer red embodiment, the operating pressure and flow rate of the non 
hardenable flnidic material will be controilably ramped down when the mandrel 
906 reaches the upper end portion of the tubular member915. In this manner, the 

15 sadden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extnision process begixming when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an altpmgtivg prpfrrmi embodiment, ctpHrxtingpresair* and/or flow 
rate of the hardenab le fluidic sealing material and/or the non hardenable fluidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock. 

25 Alternatively, or in combination, a shock absorber is provided in the support 
member 904 in order to absorb the shock caused by the suddaireleafle of prrasure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 
the wellbore. Infl ir n ^mH^*™*™^ «thgr before or after the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
5 hardenable fluidic sealing material within the expands tubular member 915 Ib 
thai removed in a conventional manner. Ttw hardenaMe fluidic gpyKn g material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section rfweUbore is then allowed to cure. 

Preferably any remaining cured hnrdpnahle fluidic sealing material xri jfr fo 
10 the interior of the expanded tubular members 902 and 915 is then removed in a 
convent ional manner usinga conventional drill string. Tbe resulting new section 
of casing preferably includes the expanded tubular membere 9^ 
outer annnlar layer of cured hardenable fluidic sealing material The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 torn the interior of ^ 
to a malfu n ct ion. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the apparatus 900 in order to fadUtate the removal of 
20 the remaining sectkms. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventioimldrinstringtobeen^c^todrinoutthe 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections ofthamandrd 908 and **» 

cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
the fabricator mandrel 946, the lubricator sleeve 948, the guide 950^ 
954, the body of cement 956, the sealing sleeve 958, and the extensiimtute 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and appa In this manner, in the event of a 
mattmctkra downhole, the apparatus 900 may be tnsOy removed from the 
wellborn. 
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Referring now to Figs. 10a, 10b. 10c, lOd, 10e, 10f, and lOg a method and 
apparatus for creating a tie-back liner in a wellbare will now be described. As 
illustrated in Fig. 10a, a weUbore 1000 positioned in a subterranean formation 
1002 include* a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably includes a tubular liner 1008 and a cement 

annuhxslOlO. The second casing 1006 preferably includes a tubular liner 1012 
and a cemen t annuhis 1014. In a preferred embodiment, the second casing 1006 
is fanned by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with re f ere nc e to Figs. lla~ll£ 

10 In a particularly piefm e d embodiment, an upper portion of the tubular 

liner 10 12 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer snrface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fhiidk seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie-hack tiner that extends from 

the overlap between the first and second casings, 1004 ami 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1 105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1145, and a 

20 support member 1150. 

The rrpj""*»M« mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
oontroUably expand in a radial direction. The f^»itMMm mandrel 1105 may 
comprise an y number of conventional commer cially available expandable mandr els 

25 modified in accordance with the teachings of the piesent disclosure. In a preferred 
embodiment, the ex p a ndable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the tearhingB of the 
present disclosure. 

SO The tubular member 1110 is coupled to and supported by the expandable 

mandrel 1105. T^ie tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials each as, for example. Oilfield Country 
Tubular Goods, 18 chromium tubing or plastic piping. In a preferred embodimen t, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubnlari&ember 1110 may range, for 
5 example, from approxiniatery 0.75 to 47 m^ 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1110 range from about 3 to 15.6 inchest 

to optimally provide coverage for tyrm-al oilfield casing sues The tubular member 
1110 preferably comprises a solid member 
10 In a preferred embodiment, the upper end portion of the tubular member 

1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tabular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
imnimixe the poarfbflity of buckling. For typical tubuUn-nieinberlllOinansrials, 
15 the length of the tubular member 1110 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1116includes the fluid passage 1185. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Sudct Seal H float sboe^ 

with a sealing sleeve for a latch down pmg modified in accordance with the 
teachings of the present disclosure. In a pr ef erred emlwdiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
phig with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, TX, modified in accordance wto the teachings of the 
present disclosure, in order to optunauy guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optdma%fiuidicly 
isolate the interior of the tabular member 1100 after the latch dcwn pmg has 
seated, and optimally permit drilling out of the shoe 1115 after completion of the 
SO expansion «»d txmmntmg operations. 

In a preferred embodiment, the ri^ 
ports 1140 in fluidk communication with the fluid paaaage 1185. In t his 
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the shoe 11 IS injects hardenable fluidic sealing material into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 1 40 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the Quid passages 
5 1140 can be sealed offby introducing a phxg, dart and/or bafl sealing elements into 
the fluid passage 1130, 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1 120 prevents foreign materials from entering the interior region of 
the tubular member 1 1 10 adjacent to the expandable mandrel 1 105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup aeals 
such as, for example, TP cupe or Selective Injection Packer (SIP) cups modified in 
accordance with, the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1 120 comprises a SEP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably portioned along 
acenterlineof the apparatus 1100. The fluid passage 1180 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permits flnidic materials to be tranamltted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1 105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a phig, or other similar device, to be placed m 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the mterior region of the tubularmember 1110 below 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 3,000 gsDona/nimute and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular member U 10 and t^ 
fluidic materials, mapreftaredembodiinent, the flnid passages 1140 hichide an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1116 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to permit the mterior region of the tubular member 1110 
to be fluidkfy isolated from the exterior of the tubular mmnbermo. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1 145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlappingjoint between the upper eiid portion crfthecashig 1012 and the lo^ 
end portion of the tabular member 1110 to be fraididy seeled 

The seals 1145 may comprise any number of conventional commerc ially 
available seals such as, for example, lead, rubber. Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the 8eatoU45a 

from Halliburton Energy Services in 
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hydraulic sealm the orariappiiigjomt 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient factional force to support the expanded tubular member 1 110 from the 
5 tubular liner 1008. In apreferredenxbodiment^ the fractional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 ftirther includes one or more conventional centraluers (not 
illustrated) to help stabilise the tubular member 1110. 

In a p re f erred embodiment, a quantity of lubricant 1150 is provided in the 
IS annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tabular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, IjibriplFt^fbi™™*™"^ lubricants or Climax 1500 Antiseize (3100). 
20 In a preferred anbodimwit, the lubricant 1 160 comprise * Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, IX in 
order to optimal^ provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the mtrodoction of foreign material into the apparatus 1100 ismmlinineri . 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expsnsion mandrel 1105 during the extrusion process. 

In a particularly p re fe rred embodiment, the apparatus 1100 includes a 
SO packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the weHbore 1000 below the apparatus 1100. In this manner, fiuidic 
materials are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1156 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drillable cement retainer. In a preferred embodiment, the packer 
1156 comprises an EZ Drill Packer available from Halliburton Ener^ 
5 Dallas, TX In an alternative embodiment, a high gel strength pill may be set 
below the tie-back in place of the packer 1156. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1100, a couple of weHbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the wellbore 1000 that might 
dog up the various flow passages and valves of the ap p aratu s 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the eipandahle mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the «™minr region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. <v^twmoH pumping of the material 1 iflfl nwi** frfr* matm*} 
1160 to fill up at least a portion of the annular region. 

The material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallona/min, respectively. Iaapreferred embodiment, them 

into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the spaces being filled, the pumping equipment 

available, and the properties of the The optimum flow rates 

and pressures are preferably **»if"iflfrd using conventional empirical methods. 

30 The hardenable fluidic sealing material 1 160 may comprise any number of 

conventional commarcialry available hardenable flnidk sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 
member 1 1 1 0 whDe maint ^fning optimum flow characteristics so as to minimise 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110. the 
10 annular region will be filled with material 1 160 . 

As illustrated in Fig. HM r rmrf ™™ii»T»Topnn wA«pifltely filled 

with material 1160, one or more plugs 1 165, or other similar devices, preferably 
axe introduced into the fluid passages 1140 thereby flukiicly isolating the interior 
region of the tubular member lllOfrom the annular region external to the tubular 
15 member 1110. Inaprtfen^embodinumt,anonhan 

is then pumped into the interior region of the tubular member 1110 below the 
ma nd rel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan Tmrripnahlft fluidic 
20 material In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tabular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 t he expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, fw example, 
30 brass balls, ph^ rubber balls, or dar^ 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hardenable fluidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 8,000 gaUonatein. 
In a preferred embodiment, after placement ofthepln^ 1165 in the fluid passages 
1140, the non hardenable fluidic material 1161 is preferably pumped into the 
10 interior region of the tabular member mo below the mandrd 1105 at pressuw 
and flow rates ranging from approaimatefy 1200 to 8500 psi and 40 to 1260 
gallonstoin in order to optimally provide extruakm of typical tubulara 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below^ mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 Daring the extrusion process, the expandable mamirel 1105 may be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about O to 5 ft/sec. In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ran^n^fromabout0to2f^^mQHRrtnnp f^iill y 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 <rf the tubular member 
1110 has an internal diameter less than the ontaide diameter of the mandrel 1105. 
In this manner , when the mandrel 1105 expands the section 1 180 of the tabular 
30 member 1110, at least a portion of the expanded section 1180 effecta a seal with 
at least the weHbore casing 1012. Inaparttadarft preferred embodiment, 
is effected by compressing the seals 1016 between the expanded section U80 and 
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the weDbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pd in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resistance to 
5 ensure that the joint will withstand typical extremes of tensfle and compressive 
lo ad s 

In an alternative preferred embodiment, substantially all of the entire 
length ofthe tubular member 1U^ 

diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint betw« 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 pa 
in order to optimaHf provide pressure to activate the sealing members 1145 and 
15 provide optimal rpffV*™*'* gnmre that the joint will withstand typical g^U ernes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllabry ramped down when the expanda ble mandrel 1105 
reaches the upper end portion of the tubular member 1110, In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 ofT of the expandable mandrel 1105 can be minimized In a 
preferred embodiment, the operating pressure of the Quidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately an tart ahoiit 6 

Alternatively, or in combination, ashc>dt absorber isprovidedin the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member U10 and the upper portion of the tubular finer 1108 is tested 
using conventional methods. If the fhridic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tabular member 1110 is then removed in a conventional manner. The 
10 material 1160 within the annular regim between the tubular memb er * i *» H and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. IQt, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is <**n removed in a 
conventional manner using a conventional drill string. The resultingtie-back liner 
15 of casing 1170 includes the expended tubular member 1110 art 
layer 1175 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed fay 
drilling out the shoe Ills and pagfcwr i lire using conv entional **n Hfti g ""■H nrd a 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf, an embodiment of an apparatus and method 
for hanging s tubular liner off of an existing wellbore casing win now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 inchideaaaexisting cased section 1210 havin g 
a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known Trumn»r to drill out material from the 
subterranean formation 1205 to form a new section 1280. 
30 AsflhjstratedinFig.llb,anapparatu 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably inghntefl m arpmAMa tim^to! ^ 
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pig 1305, a tubular member 1310, & shoe 1315, a Quid passage 1320, a fluid passage 
1330, a fluid passage 1335 , seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expend in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in UA Pat No, 5,348,095, the disclosure of which 
incorporated herein by reffsrencej modified in accorda nce with the teach! ogs of the 
present disclosure. 

The tubular member 1310 is coupled to and s up p o r te d by the expandable 
mandrel 1305. The tabular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tabular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 m^ range, for 

20 example, from approximately 0.75 to 47 indies and 1,05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diametersof the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide minimal telescoping effect in the most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the w 

1355 of the tubular member 1310 range from about 3/B to 1 Vi inches and 3 ft to 
16 inches, respectively. In a pr ef erred embodiment, the wall thickness and outer 
30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1 365 of 
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the tubular member 1310 range from about 3/8 to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section i860 of the tubular member 1310 is leas than or equal to the 
5 wall t h i ck ness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally facfliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wdlbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment,, the upper end portion 1855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 13 10 is limited to minimise the 
possibility of buckling. For typical tubular member 13 10 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 msy comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal H float shoe, Super 8eal II Dowr>Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in tmmlanee with the teachings of 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe wi&^ 
from Halliburton Energy Services in Dallas, TX, modified 

25 teachings ofthepresent disclosure, in order to optiznally guide the tubular member 
1310 into the weHbore 1200, optimally fluidkry isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1316 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 133 5 fi""ttyy* *"*h»dpg one or more aid* 

30 outlet porta in fhudtecommunicationwithto In this manner, 

the shoe 13 15 preferably iiyect^ 

outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandr el 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 1320 is preferably po«tione4 along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferabbr selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallcmafamintB and 0 to 9,000 pst in order 
to optimally provide sufficient operating pressures to circulate fluids at 
16 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a phig, or other simflar device, to be placed in fluid 
passag e 1 330 to thereby block further passage of fluidic material ft. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 
25 member 1310. This permits the interior region 1370 ofthe tubular member 1310 
below the expandable mandrel 1305 to be pressurized The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey Tnntirials such as 
cement, drilling mud or epoxies at flow rates and pressure* ranging fro^ 
30 to 3,000 gallons/niimite and 0 to 9,000 psi in order to optimal*/ fill the annular 
region between the tubular member mO writhe new section 1230 of thaw 
1200 with fluidic materials In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed oflfbyintroduciiig a phxg, dart 
and/or ball sealing elements into the fluid passage 1320, 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the eenteriine of the apparatus 1300. The fluid 
passage 1385 is preferably selected to convey materials such as cement, drilling 

10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gallonaftnimrte and 0 to 9,000 pm in order to optimally fill the annular region 
between the tubular member 1310 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 

15 of the tubular memb er 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the bwer end portion ofthe casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fiuidicly sealed. The 
seals 1 340 may comprise any number nf crmvBntirmiil mm i n mum nlfr a »KU> m^] p 

20 such aa> for example, kad^ 

with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Btratakxk epaxy available from Halliburton 
Energy Services m Dallas, TX mar 

annuhis of the overlapping joint while also creating optimal load bearing capability 
26 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
as ufuqent frictional force to support t)w> expanded tnlntk^mmw^ 1310 fr^ the 
existing casing 1215. In a preferred embodiment, the fruikmal force provided 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tabular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1280 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centranxera (not illustrated) to help stabilize the tubular member 1310. 
5 In a preferred embodiment, the support member 1345 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner , t h e mtwvhigtinn of foreign mater ial into the apparatus 1300 is minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the ar^aratus 1300 and to eiisure that no foreign material 
10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. Tbe wiper plug 1350 inchxdes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 
15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the w^ phag 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 
20 attachment to the expansion mandrel 1305. 

In a preferred fFtrfri""'™" 1 * before or after positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated inFlg. lie, ahaidenableflniriir Hating material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tabular member 18 10 aiKi the 

1200. Continued pumping of the material 1380 canses the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1^600 gallona/min, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gallonato^ 
10 fiU the annular region between the tubular 

of the wellbore 1200 with the hardenable fhridic sealing material 1380. 

The hardenable flnidic sealing material 1880 may oompriae any number of 
conventional coinmemally available 1^ 

for example, slag mix, cement or epoxy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and avail^te from Halliburton Energy 
Services in onto to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. lie optimum blend 
of the cement ia preferably determined ««frig wrnvm^nai empirical i^rthods 
20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to en 

1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will be 

filled with material 1380. 

As illustrated in Kg. lid, once the annular region 1390 has been adequately 
25 filled with material 1380, a wiper dart 1396, or other similar device, is introduced 

into th e fluid passage 1320. Tta wiper dart 1395 is preferabfr pumped 

fluid passage 1320 by anon hardenable fl uidic materi al 1381. The wiper dart 1395 

then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a pr efe r re d embodiment, engagement of the 
30 wiper dart 1395 with the wiperphig 1350 causes the wiper plug 1350 to decouple 

from the mandrel 1305. Hie wiper dart 1395 and wiper phig 1350 thenpreferably 

will lodge in the fluid passage 1330, thereby blocking flnM flow through the fluid 
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passage 1330, and fluididy isolating the interior region 1370 of the tubular 
member 13 10 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurise. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised oat of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fhud passage 1320 by 
10 introducing the wiper dart 1895 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional roinmerdalfyav 

for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred wmhodTmpnt, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down ptog 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services m Dallas, TX. 

After blocking the fluid passage 1330 ustogtbewinerph^ 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, tor example, from 
approximately 0 to 6000 pai and 0 to 1,600 gallons/mm in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310 is minimised. 

In nprrfgrtT* embodiment, Mnekmgthe fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from approximately 500 to 9,000 psi and 
40 to 3,000 gaUons/min in order to optimally provide operating pressures to 
30 maintain the expansion process at rates sufficient to permit adjustments to be 
made tn "ppn rtj " g p*T*iTi*ter 8 during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9 r 000 psi In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmrtkm of the tubular member diameter, wall 
thickness of the tubular membe 

the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 
10 During the extroston process, the expandable mandrel 1305 may be raised 
out of the expended portion of the tubular member 1310 at rates ranging; for 
example, from about 0 to 6 ft/sea In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 msy be raised out oftha expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator attfustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extrnded 
off of the exp a nd a b le mandrel 1305, the outer surface of the upper end portion 
20 1355 of the tubular member ISlOwfflpre^ 

lower end portion ofthe casing 1215 to form an fhrid tight overlapping joint Tie 
contact pressure of the overlapping joint may range, for example, from 
app roximat e ly 50 to 20,000 psL In a preferred embodiment, the contact pressure 
ofthe overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contact pressure auffirianttp ensure annular sealingand provide 
enough resistance to withstand typical tanaDe and compressive loads In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fhridic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operatir^pressure and flow rate ofthe non 
30 hardenablefluidicmaterial 1381 is cantnflahfr ramped down when the expandable 
mandrel 1305 readies the upper end portion 1355 ofthe tubular member 1310. 
In this manner, the sudden release ofpreesurecaufledty the complete extruskm 
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of the tubular member 13 10 off of the expandable mandrel 1305 can be mmimiiyd, 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet oftbe extrusion process. 

Alternatively, or in rere>" " »**™ . fl ***** absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1355 of the tubular member 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expendable mandrel 1305 is 
removed from the wellborel2OT^ 

the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seel of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 is then removed in a conventional manner. The material 1380 within t he a nnul a r 
region 1390 is then allowed to cure* 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
wi thin the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1316 xnsy then be remove 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described that includes mstallmgatnbular liner andamandr^ 
in the borehole. Abody of fluidic material is then injected into the borehole. Hie 
tubular liner is then radially expanded by extruding the liner off of the mandreL 



• 62- 



Hie injecting preferably includes injecting a hard en able fhiidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenahle fhiidic material into an interior region of the 
tubular liner below the mandreL The method preferably includes fluidity 
5 isolating the annular region from the interior region before injecting the second 
quantity of the nan hardenahle seating material into the interior region. The 
injecting the hardenahle fhiidic seating material is preferably provided at 
operating pressures and flow rates ranging from about 0 to 6WK) pa and 0 to 1^00 
gallons/mm. The injecting of the non hardenable fhiidic material is preferably 
10 provided at operatingpreaanres and ftow 

and 40 to 3,000 gaDona/min The infecting «nhm ™™ y^^^ fh*A*+ ^ntrrinl 
is preferabfyprovided at reduced qper^^ 

portion of the extruding. The non hardenahle fluidk material is preferably 
iiyected below the mandreL The method iraferabfyindu^ 
16 of the tubular liner below the mandreL Theregionof the tubular liner below the 
mandndispreferabfr pressure 

ThB method preferably inrhideis fluidicly isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method further preferably 
includes curing the hitrdmnble sealing material, and removing at least a portion 
20 of the cured nea ting mnterial topped within the tubular liner. The method farther 
pieferabty includes ovw^ 

The method farther preferably includes scaling the overikp between th* fcn>™w 
liner and the existing weUbore casing. The method farther preferably includes 
supporting the extruded tubular liner using the overlap with 

25 casing. The method farther prefe 

the overlap between the tabular Knar and the existing weUbore casing. The 
method farther prefarahjy indudes removing at least a portion 
fhridfcsealingmaterial^ The method farther 

preferably includes Inhr ir at hig the surface of the mandreL The method farther 

30 preferably includes absorbing shock. The method farther preferably includes 
catching the mandrel upon the completion of the extruding. 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and mdudes a second imid passage. 
5 The tubular member is coupled to the mandreL The shoe is coupled to the tubular 
liner and includes a third fluid passage . The first, second and third fluidpassages 
are operahly coupled. The support member pr^erabbrftethermchidesapress^ 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber, support member preferably m 

adapted to prevent foreign material from entering an Ulterior 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3J5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 136,000 psL The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
b locking the inlet port. The shoe preferably is drillable. 

A metho d of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that inclu des p os it i onin g a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the ma 

member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operating pressure 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Hie method ftirther preferably includes 
sealing the overlap between the first and second tabular members. The method 
6 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method farther preferably 
includes lubricating the surface of the mandreL The method farther preferably 
in cl u des a bso rbin g shock 

A liner for uee in creatinganew section of weDbore casing in a subterranean 

10 formation adjacent to an already existing section of weDbore caring has been 
described that includes an annular member. Tie annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pres sur e rehef passages at sn end portion of the annular ms^p bcr* 

A weHbore casing has been described that includes a tabular liner and an 

15 annular body of acuredfluidic sealing material The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weDbore, and pressurising an interior portion of the tabular liner. The 
annular body of the cured ftuidk sealing material is preferably formed by the 

20 processof injecting a body of ha 

region external of the tubular liner. During the preasuri ang; the interior portion 
of the tabular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of fee tabular liner is preferably preasuriied 
to pressures ranging from about 500 to 9,000 pat The tabular liner preferably 

25 overlaps with an existing wellbare casing. The weDbore casing preferabfyfiuther 
includes a seal positioned in the overlap between the tabular liner and the exi 
wellbore casing. Tubular liner is preferably s up p orte d the overlap with the 

A method of repairing an existing section of a weDbore casing within a 
30 barehnle has t**m dp*mkeA th*t milling ■ fn>m] ffr liner and a mandrel 

within the weDbore casing, facetting a bo^yofalhiidic material into the borehole 
pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the finer in the borehole by extruding the finer off of the mandreL In 
a preferred embodiment, the fluidicnmterialis sdectedfrom the group consisting 
of slag mil, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method farther includes fluididy isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
iT»j«r-rm g of thft body of fTrridir ma tmal is provided at operating pressures and flow 
rates tanging from about 600 to 9 f 000 pd and 40 to 3,000 galtonsfaain. In a 
preferred ^b™**™*"*, the injecting of the body of fluidic material is provided at 
reduced operating pressures and flow rates duringan end portion of the extruding. 
10 In a preferred embodiment, the fluidic material is injected below the mandreL In 
a preferred embodiment a regkm of the tabular finer below the mandrel is 
pressurised. In a preferred embodiment, the region ofthe tabular finer betow the 
mandrel is pressurized to pressures ranging from about 500 to 9,000 psL In a 
preferred embodiment, the method further includes overlapping the tubular liner 
15 with the earisting wellbare casing. In a prefen^ embodiment, the method furthCT 
includes sealing the interface between the tabular liner and the exists 
casing In a preferred embodiment, the method farther includes support 
extruded tubular liner using the existing weUbore casing. In a preferred 
embodiment, the method farther includes testing to 
20 interface between the tubular liner and the existing weUbore casing. In a 
preferred embodiment, method farther includes lubricating the surface of the 
mandreL In a preferred embodiment, the method farther includes absorbing 
shock. In a preferred embodiment, the method farther includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method farther includes expanding the mandrel in a radial direction. 

A tie-back finer for fining an existing weUbore casing has been described 
that includes a tubular finer and an annular body of a cured fluidic sealing 
material Tte tabular finer is formed^ 

off of a mandreL The annular body of a cured ftaidk sealing material is coupled 
30 to the tubular finer. In a preferred embodim^ 

process of placing the tubular liner and mandrel within the weUbore. and 
pressurizing an interior portion of the tabular liner. In a preferred embodiment, 
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during the pressurizing, the interior portion of the tubular Iihct 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is ja^ssurized at pressures ranging from about 
500 to 9,000 psL In a preferred embodiment, the annular body of a cured fluidic 
5 sealing material is formed bv the process of heeding * body nf hgrrf^Hp f^„d| c 
sealing material into an annular regkm between the existing wellbore ca^^ 
the tubular finer. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned in the ororiap between the t^ 
10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member i ncl ud es a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, a nd an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the 

bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansion cone is fabricated fh)m materials selects 
consisting of tool steal, titaninm, and ceramic Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 RockwenC. Preferably at leasts 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contonplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding u*« of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 i^jectingfhlidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandreL 

12. A method of creating a casing fat a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 

6 placing a tabular liner and an expandable mandrel into the new section of 

7 the borehole; 

6 overlapping the tubular Knar with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 floidicfr isolating the am^ 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expa ndab l e mand rel; 

17 sealing the overlap between the tubular liner and the already existing 

18 casing; 

19 supporting the tubular hner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between the tubular liner and 

the already existing casing, 
removing at least n p^rti*™ of the hardenable flnidig sealing material from 

the interior of the tubular liner; 
curing the remaining portions of the fluidic hardenable fluidic sealing 

materia l; and 

removing at leastaportion of the cured fhiidk hardenable sealing materW 
within the tubular liner. 

An apparatus for expanding a tabular member, compris i n g: 

a support member, the support member including a flrBt fluid passage; 

a mandr el coated tn the support member, the mandrel i n clud i n g: 

a second fluid passage; 
a tubular member coupled to the mandrel; and 

a shoe coupled to the tubular liner, the Bhoe including a third fluid passage; 
wherein the first, second and thirt fluid passages are operably coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member including: 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled 
an expandable mandrel coupled to the support member, the expandable 

mandrd including a third fluid passage coupled to the first fluid 

passage; 

a tubular member coupled to the mandrel, the tubular member including 

one or more sealing dements; 
a shoe coupled to the tubular member, the shoe including: 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid passage adapted to receive a stop member; and 
one or more exhaust passages coupled to the fourth fluid passage for 
injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the sup por t member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tabular member. 

1 6. A method of joiiiing a second t^^ 

2 first tubular member having an inner diameter greater t^n an outer diameter o f 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 
6 member; 

6 presamriring a portion of the interior region of the second t^^ 

7 and 

8 extruding the second tabular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an ATinnlar member, the Hnnnlar member induding: 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at en end portion of the annular 

6 member* 

1 7, A weflbore casing, 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for fining an gristing waBbore casing; comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandr el; and 

4 an anmilm- body of a cured fluidlc sealing material cxrapled to the tubular 

5 liner. 



1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an c apandfl ble tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fliri d pftgmga operably coupled to the second fluid passage: 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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